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HIGH MASS THROUGHPUT PARTICLE GENERATION 
5 USING MULTIPLE NOZZLE SPRAYING 

Technical Field 

The present invention relates generally to spray apparatus and methods. 
More particularly, the present invention pertains to multiple nozzle spray 
10 methods and apparatus, e.g., multiple nozzle electrospray methods and 
apparatus. 

Background of the Invention 

It has been recognized that microsphere production technology can 

1 5 produce drugs or pharmaceuticals that can be taken up by cells, e.g., cells in an 
intestinal or stomach wall or lining, and may cross into the bloodstream. Such 
uptake or absorption into the cell is determined at least in part by the surface 
chemistry of the microspheres. Uptake of microspheres containing 
macromolecules, e.g., encapsulated proteins, has also been demonstrated. 

20 Currently in drug production, top-down processes are typically used to 

produce drug particles. For example, in such processes, particles may be formed 
using grinding techniques. Further, for example, it has been described that such 
particles may be formed by removing solvent from a mixture that includes the 
active ingredient as it is being sprayed into a stream of air, e.g., hot air drying. 

25 Electrohydrodynamic spraying (or electrospray) has been used to 

produce narioparticles from, for example, solutions or colloidal suspensions. 
The electrospray is capable of producing nanoparticles that are 10-100 times 
smaller than, for example, conventional pneumatic atomization techniques. This 
size of particles allows product that includes such particles to have 100-10,000 

30 times larger surface area than those produced from the conventional techniques, 
for a given quantity of spray solution. 

The increased surface area forms the basis of enabling technology for 
various important applications. For example, new chemicals being synthesized 
as future drug products are decreasing in aqueous solubility to such an extent as 
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to present major delivery and development challenges. If the drug products 
employ nanoparticles rather than macroparticles, the increased surface area 
results in a significantly greater dissolution rate and/or higher solubility rate. 
This may allow for superior and/or even enabling drug delivery. Nanoparticle 
5 medicine may increase the bioavailability and speed up the response time of the 
delivered drug. Thus, nanoparticle technology has the potential to significantly 
impact the pharmaceutical industry. 

As described in U.S. Patent No. 6,105,571 to Coffee, entitled 
"Dispensing Device," issued 22 August 2000, particles are generated that may 

1 0 comprise biologically active material, for example, particles may contain matter 
such as peptides or large ttiomolecules such as insulin and/or other 
pharmaceutical components for enabling delivery of an active component into 
the blood stream. As indicated therein, electrohydrodynamic processes are used 
to produce particles, but primarily are used to produce fibres or fibre fragments. 

1 5 One limiting factor in employing electrospray or electrohydrodynamic 

techniques for particle generation is that generally only a single spray-nozzle 
dispenser is used that can deliver only a small quantity of solution, e.g., a few 
lil/min. A major challenge and problem is the inability to increase the mass 
throughput from such an electrospray device that can produce nanoparticles so 

20 that electrohydrodynamic techniques can be used to deliver industrial quantities 
particles for use in various products. 

U.S. Patent No. 6,105,571 cited above, shows use of multiple nozzles to 
produce fibres or particles as described therein. However, problems associated 
with multiple nozzle approaches are not addressed, e.g., the space charge effect 

25 of particles produced using electrospray techniques, arcing between nozzles, etc. 
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Summary of the Invention 

For the above reasons, there is a need in the art for mass throughput 
apparatus and methods which overcome the problems described above, and 
other problems as will become apparent to one skilled in the art from the 

5 detailed description below. The present invention provides apparatus and 

methods that produce nanoparticles with high mass throughput, e.g., can produce 
large quantities of nanoparticles for use in various applications, e.g., 
pharmaceutical, biological material production for gene therapy, coatings, 
fabrication processes, etc. 

10 An electrospraying method of the present invention may include one or 

more of the following features: providing a plurality of nozzle structures, 
wherein each nozzle structure includes at least one opening defined along a 
center axis of the nozzle structure and terminating at a dispensing end thereof 
from which a spray of particles having an electrical charge applied thereto is 

15 dispensed; nozzle structures that are separated from adjacent nozzle structures 
by at least an internozzle distance (L) defined by the distance between center 
axes of the nozzle structures, wherein the ratio of the internozzle distance (L) to 
a diameter (D) of the opening at the dispensing end is equal to or greater than 2; 
dispensing a spray of particles from each of a plurality of nozzle structures by 

20 creating a nonuniform electrical field between the dispensing ends from which 
the sprays are established and an electrode electrically isolated from the 
dispensing ends; nozzle structures that include a capillary tube comprised of a 
body portion and a tapered capillary tip at the dispensing end of the capillary 
tube; nozzle structures that include a tapered portion used to define an opening, 

25 wherein at least a part of each of the nozzle structures extends from an integral 
multiple nozzle structure conductive portion; nozzle structures that include a 
solid post along a center axis extending through an opening at a dispensing end 
thereof; dispensing ends of the nozzle structures that are positioned in an x-y 
plane and have the center axis thereof aligned along the z axis; dispensing a 

30 spray of microdroplets including an active ingredient, wherein the electrical 
charge is concentrated on the active ingredient as the microdroplet evaporates; 
providing a circular configuration of nozzle structures including an outer 
multiple nozzle structure ring and one or more inner multiple nozzle structure 
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rings, wherein each of the outer multiple nozzle structure ring and the inner 
multiple nozzle structure rings are concentric about a center nozzle structure; 
providing a circular configuration of nozzle structures, wherein each of the 
nozzle structures of the one or more inner multiple nozzle structure rings are at a 

5 substantially equal internozzle distance (L) from adjacent nozzle structures; 
isolating the dispensing ends of the nozzle structures from one another using 
separation structures such that a cone jet is allowed to form at the dispensing end 
of each nozzle structure; dispensing particles that have a nominal diameter of 
about 1 nanometers to about 2000 nanometers; providing nozzle structures that 

10 include at least a first and second opening terminating at the dispensing end of 
each nozzle structure; providing flows of fluid compositions at the first opening 
and second opening and establishing a spray of particles from such fluid 
compositions (e.g., a first fluid composition including an active ingredient and a 
second fluid composition including a coating component); providing an 

15 excipient material and combining the spray of particles with the excipient 

material; providing a charged pattern and collecting the spray of particles on the 
charged pattern; dispensing the spray of particles into a container operable for 
inhalation by a user, and dispensing the spray of particles at a rate in the range of 
2 grams/minute to 50 grams/minute. 

20 An apparatus for electrospraying particles according to the present 

invention may include one or more of the following features: a particle source; a 
dispensing device configured to receive source material from the particle source, 
wherein the dispensing device comprises a plurality of nozzle structures; nozzle 
structures that each include at least one opening defined along a center axis of 

25 the nozzle structure and terminating at a dispensing end thereof; nozzle 

structures that are separated from other adjacent nozzle structures by at least an 
internozzle distance (L) defined by the distance between center axes of nozzle 
structures, wherein the ratio of the internozzle distance (L) to a diameter (D) of 
the opening at the dispensing end is equal to or greater than 2; an electrode 

30 isolated from the dispensing end, wherein a nonuniform electrical field is 
created between the dispensing ends and the electrode such that a spray of 
particles having an electrical charge applied thereto is dispensed from the 
dispensing end of each nozzle structure; nozzle structures that include a capillary 
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tube that has a body portion and a tapered capillary tip at the dispensing end of 
the capillary tube; nozzle structures that include a tapered portion used to form 
the opening at the dispensing end, wherein at least a part of each of the nozzle 
structures extend from an integral multiple nozzle structure conductive portion; 
5 nozzle structures that include a solid post along a center axis extending through 
the opening at the dispensing end thereof; dispensing ends of the nozzle 
structures that are positioned in an x-y plane and have the center axis thereof 
aligned along the z axis; a circular configuration of nozzle structures including 
an outer multiple nozzle structure ring and one or more inner multiple nozzle 

1 0 structure rings, wherein each of the outer multiple nozzle structure ring and the 
inner multiple nozzle structure rings are concentric about a center nozzle 
structure; a circular configuration of nozzle structures, wherein each of the 
nozzle structrues of the one or more inner multiple nozzle structure rings are at a 
substantially equal internozzle distance (L) from adjacent nozzle structures; one 

15 or more separation structures positioned between nozzle structures and 

configured such that cone jets are allowed to form at the dispensing end of each 
nozzle structure; nozzle structures that include at least a first and second opening 
tenninating at the dispensing end of each nozzle structure; a first particle source 
of at least a first fluid composition including an active ingredient to be dispensed 

20 through the first opening and a second particle source of at least a second fluid 
composition including a coating component to be dispensed through the second 
opening so as to provide sprays of coated active ingredients; an excipient 
material provided on a target surface positioned such that the sprays of particles 
are directed for contact with the excipient material; and a charged pattern 

25 positioned such that the sprays of particles is directed for contact with the 

charged pattern; a container operable by a user for inhalation of contents therein 
positioned such that the sprays of particles are directed therein. 

The above summary of the present invention is not intended to describe 
each embodiment or every implementation of the present invention. 

30 Advantages, together with a more complete understanding of the invention, will 
become apparent and appreciated by referring to the following detailed 
description and claims taken in conjunction with the accompanying drawings. 
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Brief Description of the Drawings 

Figure 1 is a general diagram representative of a particle generator 
system, e.g., a nanoparticle generator using electrospray techniques, in 
accordance with the present invention. 
5 Figure 2 is a general diagrammatical illustration of one embodiment of 

an electrospraying dispensing device including multiple nozzle structures for use 
in a particle generator system shown generally in Figure 1 . 

Figures 3A-3C show alternate configurations for multiple nozzle 
structures such as the electrospraying dispensing device shown illustratively in 
10 Figured 

Figure 4 shows one illustrative embodiment of a circular configuration of 
multiple nozzle structures shown generally in Figure 3C. 

Figures 5A-5B show an illustrative side view diagram of a conical 
configuration of multiple nozzle structures and an illustrative bottom view of the 
1 5 conical configuration according to the present invention. 

Figure 6 provides a graph showing the voltage required to form a cone 
jet in a multiple nozzle structure versus the inter-nozzle distance between such 
nozzle structures for the multiple nozzle configurations shown generally in 
Figures 3A-3C. 

20 Figure 7 is one illustrative exemplary embodiment of a nozzle structure 

that may be employed in the illustrative multiple nozzle electrospray dispensing 

device of Figure 2. 

Figure 8 is an alternate embodiment of another nozzle structure using a 

dual stream technique that may be employed in the multiple nozzle electrospray 
25 dispensing device of Figure 2. 

Figure 9 shows an alternate configuration of providing multiple 

electrospray nozzle structures according to the present invention that may be 

employed in the particle generator system shown generally in Figure 1 according 

to the present invention. 
30 Figure 10 shows a more detailed illustrative embodiment of a nozzle 

structure employed in the configuration of Figure 9. 
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Figure 1 1 shows another alternate configuration for providing multiple 
electrospray nozzle structures that may be employed in the particle generator 
system shown generally in Figure 1 according to the present invention. 

Figure 12 shows a more detailed illustrative embodiment of a nozzle 
5 structure employed in the configuration of Figure 11. 

Figure 13 is an alternate illustrative embodiment of a multiple nozzle 
electrospray dispensing device including separation structures provided between 
nozzles according to the present invention. 

Figures 14A-14B are a side view and a cross sectional view, 
1 0 respectively, of an alternate electrospray dispensing apparatus that may be 

employed in the multiple nozzle particle generator system of Figure 1 according 
to the present invention. 

Figures 15A-15B show a perspective view and a cross sectional view, 
respectively, of one illustrative embodiment of a production system employing 
1 5 multiple nozzle structures according to the present invention. 

Figure 16 show yet another alternate configuration of a multiple nozzle 
structure dispensing apparatus that forms cone jets for spraying particles using 
air as opposing to electrospray techniques and which may be employed in the 
particle generator system of Figure 1 according to the present invention. 
20 Figure 17 shows a more detailed illustrative embodiment of a nozzle 

structure of the dispensing device of Figure 16. 

Detailed Description of the Embodiments 

The present invention shall first generally be described with reference to 
25 Figure 1 . Various embodiments of the present invention shall then be described 
further with reference to Figures 2-17. It will become apparent to one skilled in 
the art that elements from one embodiment may be used in combination with 
elements of the other embodiments and that the present invention is not limited 
to the specific embodiments described herein, but only as described in the 
30 accompanying claims. 

The present invention provides spraying apparatus and methods that 
employ multiple nozzle structures for producing multiple sprays of particles, 
e.g., uniform size nanoparticles. Conventional single nozzle spraying apparatus 
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and methods have been used for producing nanoparticles, however, such 
apparatus and methods provide a very small throughput that is not suitable for 
practical production of a large quantity of nanoparticles for applications, e.g., 
high tech applications such as in the manufacture of medicines, pharmaceuticals, 
5 nanostructured materials, etc. 

The present invention overcomes such limitations and can provide 
increased throughput in excess of, for example, 1,000 times conventional 
methods and apparatus, in a confined space. As such, the present invention 
makes it possible to produce industrial quantity of particles, e.g., nanoparticles, 

1 0 for such varied applications. 

The present invention is directed to apparatus and methods for generating 
particles, such as, for example, drug nanoparticles, particles for use in depositing 
materials on or for forming nanostructures, etc. As further described below, 
methods and apparatus according to the present invention allow for 1,000 to 

15 10,000 times higher mass throughput rate than a single nozzle electrospray 

apparatus such as that previously described in U.S. Patent No. 6,093,572 Pui, et. 
al., entitled "Electrospraying Apparatus and Method for Introducing Material 
into Cells" issued 25 July 2000, and also described in the papers entitled, 
"Electrospraying of Conducting Liquids for Dispersed Aerosol Generation in the 

20 4 nm to 1 .8 \im Diameter Range" by Chen, et. al., J. Aerosol Set, Vol. 26, No. 6, 
pp. 963-977 (1995), and entitled "Experimental Investigation of Scaling Laws 
for Electrospraying: Dielectric Constant Effect" by Chen, et. al., Aerosol Science 
and Technology, 27:367-380 (1997) which are hereby incorporated in their 
entirety by reference thereto. 

25 As shown in Figure 1 , the present invention provides a particle generator 

system 10 employing a dispensing device 15 to establish multiple sprays of 
particles 22. The dispensing device 15 includes a plurality of nozzle structures 
20 which receive source material 17 and establish charged sprays of particles 22 
forward thereof, e.g., in the direction of target 12. 

30 The dispensing device 15 further includes a source holding apparatus 16 

for providing the source material 1 7 to the plurality of nozzle structures 20 under 
control of control mechanism 14, e.g. hardware and/or software control. Each 
nozzle structure 20 is configured to provide a single spray of particles 22. The 
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multiple sprays 22 established forward of each nozzle structure 20 is provided to 
the target 12. Generally, such sprays 22 established forward of each nozzle 
structure 20 provided a spray that has a coverage area "D" when the spray 22 
reaches the target 12. 

5 The source material 17 held in a source holding apparatus 16 may be any 

source of material which can be sprayed as described according to the present 
invention herein. Preferably, the source material 17 is a fluid composition that 
may include a solution, a suspension, a microsuspension, an emulsion, a 
microemulsion, a gel, a hydrosol, or any other like fluid compositions that when 

1 0 sprayed according to the present invention results in the generation of particles. 
For example, such fluid compositions may include a solution of dissolved active 
ingredients, e.g., drug active ingredients, according to one embodiment of the 
present invention. 

As used herein, an active ingredient refers to any component that 

15 provides a useful function when provided in particle form, particularly when 
provided as nanoparticles. The present invention is particularly beneficial for 
spraying nanoparticles and also is particularly beneficial for spraying particles 
including biologically active ingredients. 

As such, the term "active ingredient" refers to material which is 

20 compatible with and has an effect on the substrate or body with which it is used, 
such as, for example, drug active ingredients, chemicals elements for forming 
nanostructures, and elements for film coatings. The term "biologically active 
ingredient" or "biologically active material or component," is a subset of active 
ingredient, and refers to material which is compatible with and has an effect 

25 (which may, for example, be biological, chemical, or biochemical) on the animal 
or plant with which it is used and includes, for example, medicants such as 
medicines, pharmaceutical medicines, and veterinary medicines, vaccines, 
genetic materials such as polynucleic acids, cellular components, and the like, 
such as those described below. 

30 As used herein, the term particle, and as such nanoparticle, includes 

solid, partially solid, and gel like droplets and microcapsules which incorporate 
solid, partially solid, gel like or liquid matter. As used herein, nanoparticle 
refers to a particle having a nominal diameter of less than 2000 nm. The present 
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invention is particularly beneficial in spraying nanoparticles having a nominal 
diameter greater than 1 nanometer (nm), and further preferably having a nominal 
diameter less than 1000 nm, and more preferably less than 100 nm. 

Preferably, the present invention is provided for spraying particles 
5 including drug active ingredients, and for simplicity, the remainder of the 
description herein is primarily provided with respect to such drug active 
ingredients. However, the present invention is not limited to only such listed 
applications because mass throughput of nanoparticles is beneficial in various 
applications as previously described herein. 

1 0 Further, not only is high mass throughput of nanoparticles provided 

according to the present invention, but improved uniformity of such 
nanoparticles is also provided. The standard deviation with respect to mean 
particle size of particles sprayed according to the present invention is greater 
than or equal to 2 percent. The present invention is particularly beneficial in 

15 spraying nanoparticles that have a standard deviation less than 100 percent, more 
preferably less than 20 percent, and yet more preferably less than 10 percent. 

As described above, the sprays of particles 22 provided from the multiple 
nozzle structures 20 onto target 12 may be provided for use in various 
subsequent processes or for various applications. For example, as shown in 

20 Figure 1 , target 12 comprises a conveyor surface 26 provided around a moving 
mechanism 27, e.g., a roller, to provide a manner of collecting a large quantity 
of particles sprayed thereon. In other words, as conveyor surface 26 moves in 
the direction of arrow 21 , the particles may be removed from the surface 26 and 
collected in a collection container 29 for later processing and/or usage. 

25 Likewise, although not further described herein, such particles may be 

deposited directly onto a surface for coating purposes or for forming a layer or 
structure on a surface. In such cases, the particles would not be removed from 
the surface, but would form a part thereof. 

In one or more embodiments herein, the spray of particles 22 may, for 

30 example, be a biologically active ingredient or component that may be applied to 
a surface or area such as, for example, the surface of the skin or a wound or burn 
or into a cavity, for example, a body cavity. The body cavity may be any body 
cavity such as the respiratory system of an animal, e.g., a human being. Such 

10 
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particles may be provided in any number of layers on such a surface or area. 
Further, the biologically active ingredient or component may be of a substance 
that adheres to such a surface or area. 

Further, the target 12 may be a container for inhalants such as for 
5 inhaling therapy applications. As such, the sprays of particles 22 would be 
provided into the container target 12. In such a manner, the spray of materials 
may supply comminuted material to a respiratory system of an animal, e.g., a 
human. Such an inhaling technique may provide nanoparticles to a user orally 
or nasally. 

10 Biologically active ingredients or components for such applications may 

be pharmaceutical compounds such as analgesics, antiseptics, antibiotics, 
antifungals, antibacterial s, antiparasitics, debridement agents such as proteolytic 
enzymes, biological products such as cells, and cytokines for stimulating 
cytokinetic activity to promote essential cell activities, for example, to stimulate 

15 dendritic growth, growth factors such as fibroblast growth factor (FGF), 

epithelial growth factor (EGF), transforming growth factor (TGF) and others 
that may be used to promote or otherwise control the sequence of events 
essential to natural tissue repair, polynucleic acids such as DNA or other genetic 
material, cells, peptides, or polypeptides, insulin, adjuvants (e.g., an 

20 pharmacological agent added to a drug to increase or aid its effect or an 

immunology agent that increases the antigenic response), immune suppressants, 
or stimulants, surface binding or surface recognizing agents, surface proteins, 
and surfactants. The foregoing is only an exemplary list of different active 
ingredients, and is not to be limiting on the present invention. 

25 Further, the particles generated may be formed of more than one active 

ingredient and/or other materials by use of multiple nozzles or openings in each 
of nozzle structures 20 as further described below. For example, a biologically 
active ingredient may be completely encapsulated within a polymer using the 
present invention, e.g., a time release encapsulant 

30 In yet further embodiments according to the present invention, the spray 

of particles 22 may also be used in a production process to form an orally 
ingestible capsule, tablet, etc. For example, capsules may include particles that 
provide for time release of the active ingredient. 

11 
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Further below, several applications using nanoparticle technology are 
described in more detail. However, it will be recognized that the present 
invention may be useful for providing large quantities of nanoparticles for 
various applications and are not meant to be limited by the specific illustrative 
5 and exemplary applications as described further below. Various other 
applications of particles are also described in U.S. Patent No. 6,105,571 to 
Coffee cited above and herein incorporated by reference. 

For example, coated drug nanoparticles may be produced according to 
the present invention. Such drug nanoparticles may include active ingredients 

10 coated with suitable excipients. As the present invention provides nanoparticles 
that have a large surface area relative to other particles (e.g., microspheres), such 
nanoparticles can be taken up by cellular endocytotic mechanisms, and avoid 
biochemical barriers to absorption of "bare" molecules through the gut wall, 
e.g., CYP450A-mediated metabolism and P-glycoprotein-mediated efflux 

15 pumping of drugs back into the intestinal lumen. 

The ability to use nanoparticles as vehicles for drug absorption may also 
be applied to protein drugs such as insulin, which are generally very poorly 
absorbed in the gastrointestinal tract. Uptake of larger spheres containing 
macromolecules has been performed in recent years, and with the reduction in 

20 size to nanoparticles, the effect on absorption should be improved for 
nanoencapsulated proteins. 

Yet further, due to the increased absorptive effects of the nanoparticles 
generated by the particle generator 10 generally shown in Figure 1, excipient 
material, e,g., excipient powders, may be positioned on target surface 12, e.g., 

25 conveyor surface 26. The sprays of particles 22 may then be provided for 
combination with the excipient material on the target 12. Subsequent 
processing, by any known method or technique, may be used to form a 
combination of excipient material and active ingredients sprayed thereon into a 
usable form, e.g., tablets, capsules, etc. 

30 Excipient material refers to any material that may be used with particles 

generated herein to provide for various functionality, for example, form and 
consistency of a product in which they are used. For example, excipient 
materials may include lactose, starch, methylcellulose, polymer materials, or any 

12 
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other suitable materials that provide for various functions, such as, for example, 
lubrication, useful flow properties such as those that affect capsule or tablet 
formation, cohesion, texture, taste properties, transport of active ingredients to 
absorption sites, prevention from acid attack, or other absorption properties, e.g., 
5 time release properties. 

In addition, for example, a neurological application for the sprays of 
charged particles 22 is also envisioned, particularly when considering the 
characteristic growth of neuronal axons to their synaptic target areas. The 
complex circuits of interconnected neurons in adult organisms are formed during 

1 0 embryonic development by the precise elongation of millions or billions or 
axonal extensions from neuronal cell bodies through embryonic tissues to 
synaptic targets. At the tips of growing axons are sensitive motile organelles 
called growth cones, which interactive with environmental molecules (typically 
glycoproteins) called guidance cues. Surface receptors on growth cones detect 

15 the guidance cues and trigger intracellular changes that specifically enhance or 
inhibit growth cone advance. The particular pathways taken by different axons 
are determined by the assortments of guidance cue receptors that are expressed 
on growth cones of different neuronal types. Binding of guidance cues to their 
receptors triggers intracellular messages that regulate the cytoskeletal system of 

20 actin filaments and microtubules that drives axonal growth. The dynamic 
assembly and organization of actin filaments and microtubules determine the 
rates and directions of axonal growth through embryonic tissues. 

Many guidance cues are encountered by growth cones as bound to 
surfaces of extracellular matrices or other cells. Growth cones probably 

25 encounter multiple guidance cues simultaneously, and the resultant growth cone 
behavior reflects the integration of complex temporal and spatial stimuli from 
guidance cues. Individual growth cones detect guidance cues within a three 
dimensional space extending 40 or 50 microns from an axon. Thin, transient 
cytoplasmic projections called filopodia probe outward from a growth cone, and 

30 encounter environmental guidance cues via membrane-bound receptors. Little is 
known about how localized filopodial interactions with guidance cues located 
many microns from a growth cone are transformed to signals that are relayed to 
the body of the growth cone, where cytoskeletal organization and dynamics are 

13 
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regulated. The present invention may be used to create small scale patterns of 
guidance cues to examine how surface bound guidance cues interact with growth 
cones to determine the behaviors that underlie axonal pathfinding. Such 
information may provide basic mechanisms that determine the behavior of 
5 axonal growth cones during embryonic and fetal development. Further, such 
information may be useful in devising clinical applications to promote axonal 
regeneration after injuries to nervous tissues. 

For example, in another embodiment of the present invention, charged 
nanoparticles from the sprays of particles 22 can be collected on a substrate 

10 having a defined charge pattern formed thereon, e.g., a charged pattern for 

depositing growth factor active ingredients. For example, such a defined charge 
pattern may be formed by contact charging or nanoprint procedures. In other 
words, a charged pattern having an opposite charge of the charged nanoparticles 
may be formed such that charged nanoparticles provided by the sprays 22 can be 

15 collected on the pattern. In such a way, active ingredients of the nanoparticles 
may be used to provide for growth of neuronal axons to target areas. 

Figure 2 shows one illustrative embodiment of an electrospray 
dispensing device 52 that may be employed in a particle generator system 10 
such as shown generally in Figure 1 . The electrospray dispensing device 52 

20 includes multiple nozzle structures 54 for establishing a spray of charged 

particles 68 from each nozzle structure 54. The electrospray dispensing device 
52 includes a source material holding apparatus 60 for providing source material 
77 to each of the nozzle structures 54, e.g., simultaneously, for use in 
establishing the sprays of charged particles 68. 

25 A single electrospray nozzle structure can deliver only a limited feed rate 

of source material in the establishment of a spray of particle 68 within the 
envelope of the nozzle structure. This limited feed rate of source material can be 
increased by using the multiple nozzle structures 54 bundled together in one or 
more various configurations. For example, the feed rate may be increased by 

30 "n" times with "n" nozzle structures. The present invention as described further 
below, enables the employment of as many as 1,000 nozzle structures, e.g., 
capillary tubes, within a small area, e.g., seven or ten centimeter diameter. The 
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nozzle structures 54, operate to each provide a separate spray of particles 68, 
increasing the mass throughput for production of nanoparticles. 

One of various challenges in spraying highly charged nanoparticles from 
a tightly packed bundle of nozzle structures is to overcome the space charge 
5 effect of the nanoparticles from one nozzle structure on other adjacent nozzle 
structures. As shown in Figure 6 herein, with respect to various configurations 
of multiple nozzle structures, generally, the voltage required to form a cone jet 
mode for a nozzle structure 54 increases with decreasing internozzle distance. 
However, it is preferable to operate at a lower voltage because with higher 

1 0 voltages arcing between nozzle structures and the second electrode used to form 
the electric field may become problematic. Therefore, you want a multiple 
nozzle structure configuration that can have nozzle structures spaced close 
together with less internozzle distance, but which does not require a high voltage 
to establish the cone jet 

15 As shown in Figure 2, each nozzle structure 54, e.g., a capillary tube 59, 

defines an opening 53 extending along an axis 51 and terminating at dispensing 
end 69. The opening 53 has a cross section orthogonal to and centered on the 
axis 51. As used herein, internozzle distance (L) is defined as the distance 
between the center axis 5 1 of nozzle structures 54. 

20 Figure 6 shows the voltage required as a function of internozzle distance 

for three nozzle patterns shown in Figures 3A-3C. For example, graph line 200 
corresponds to the rectangular pattern of nozzle structures generally represented 
by Figure 3 A, graph line 202 corresponds to a diamond pattern configuration of 
nozzle structures generally illustrated in Figure 3B, and graph line 204 

25 corresponds to a circular configuration of nozzle structures generally represented 
by the illustration in Figure 3C, and also in Figure 4. 

Generally, in one embodiment, the voltage required to obtain cone jet 
operation for a single capillary tube 59 as shown by arrow 203 is about 7500 
volts. As the internozzle distance (L) decreases, a higher voltage is required to 

30 "expel" the highly charged nanoparticles away from the nozzle structure 54 to 
form the cone jet mode required for spraying nanoparticles. Ultimately, the 
required voltage reaches the breakdown electric field (approximately 18,000 
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volts) which defines the closest distance for the internozzle spacing. This is 
represented by line 206 at approximately 2 millimeters. 

The internozzle distance (L) is also affected by the critical dimension 
(CD) of the opening 53, e.g., the diameter of cross-section of the opening 53 
5 orthogonal to the axis 51, of the nozzle structure 54. For example, as shown in 
Figure 2, capillaries 59 are provided along the axis 51 of the nozzle structure 54 
with each capillary terminating at a dispensing end 69. The CD for the nozzle 
structure 54 is the diameter of the opening 53, i.e., the diameter of the cross- 
section of the opening from which spray is established at the dispensing end 69. 

1 0 According to the present invention, to avoid the multiple nozzle 

structures 54 from becoming a single electrode, e.g., arcing from the nozzle 
structures to the second electrode, a certain internozzle distance (L) must be 
provided between the nozzle structures 54. Preferably, according to the present 
invention, the ratio of the internozzle distance (L) to CD, i.e., L/CD, is equal to 

15 or greater than 2. In other words, as shown in Figure 2, preferably, the ratio of 
the internozzle distance (L) to the diameter of the opening 53 orthogonal to axis 
51 is equal to or greater than 2. 

Each of the nozzle structures 54 of the electrospray dispensing device 52 
provides a charged spray with a high concentration of charged particles. 

20 Generally, the concentration of charged particles in the spray is in the range of 
about 10 5 particles per cubic centimeter (particles per cc) to about 10 12 
particles/cc. Due to the space charge effect, i.e., the elfect created by the charge 
repulsion of charged particles, a spray of substantially dispersed particles having 
the same polarity charge is provided with the particles distributed substantially 

25 uniformly across the spray area (D) as shown in Figure 2. 

As used herein, the term substantially dispersed particles refers to 
uniformly and/or nonuniformly sized particles separated by an applied repulsive 
electrostatic force. Thus, the electrospray process is a consistent and 
reproducible transfer process. Further, because the charged particles of the spray 

30 repel one another, agglomeration of the particles is avoided. This results in a 
more uniform particle size. 

Generally, according to the configuration as shown at Figure 2, the 
charge is applied by concentration of charge on the spray of particles through 
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evaporation of solution including the material, e.g., active ingredient, in an 
established electrical field 79. In other words, for example, the source material 
77 may be a suspension of active ingredients or a solution including dissolved 
active ingredients. The suspension or solution is then dispensed from the 

5 electrospray dispensing device 52, e.g., active ingredient of microdroplets are 
dispensed. In other words, the liquid sprayed generally evaporates to 
concentrate a charge of a liquid portion thereof on the particles, e.g., active 
ingredient particles, in the fluid composition or suspension being sprayed. This 
results in the spray of charged particles 68 as described further below. 

1 0 Figure 2 generally shows a diagrammatical illustration of the operation 

of the electrospray dispensing device 52 for establishing charge sprays 68 from 
each of the nozzle structures 54. Each of the nozzle structures 54 receives a 
flow of fluid composition from the material source holding apparatus 60. For 
example, the material source holding apparatus 60 may include a fluid 

15 composition 77 suspending drug active ingredients or having active ingredients 
dissolved therein. 

Generally, a conductive material 56, e.g., a conductive plate, positions 
each of the nozzle structures 54 in a particular configuration. The conductive 
material 56 is adapted to be connected to a high voltage source 173. Each of die 

20 nozzle structures 54 includes a conductive structure, e.g., a capillary tube 59 as 
illustratively shown in Figure 2, defining an orifice, e.g., an opening 53 (e.g., a 
capillary tube opening or an orifice defined in a flooding type chamber, etc.) for 
receiving a flow of fluid composition 77 therein. 

Although various configurations for the source material holding 

25 apparatus 60 may be used according to the present invention, preferably a single 
holding apparatus is used to feed fluid composition 77 to all of the nozzle 
structures 54. However, one will recognize that any number of different and 
separate holding apparatus may be used or hold various different fluid 
compositions and provide different compositions to different nozzle structures 

30 54. 

Preferably, the fluid composition 77 may be pushed or pulled through the 
opening 53 and provided at dispensing end 69 of the nozzle structure 54, e.g., 
pushed by a pump. Preferably, a compressed gas source represented generally 
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by arrow 64, e.g., an inert source that is non-reactive with the fluid composition 
77, is provided to compress the fluid composition 77 and force fluid to flow 
through openings 53 of the nozzle structures 54. Although preferably, a 
compressed gas source 64 is used to provide such fluid composition flow, other 
5 methods of providing such flow may also be used. For example, a plate above 
the fluid composition 77 having a force, e.g., pneumatic force, applied thereto 
may be used, or syringe pumps for each nozzle structure may be used. 

The nozzle structures 54 positioned by and electrically coupled to the 
conductive structure 56 function as a first electrode of the electrospray 

10 dispensing device 52 with the dispensing ends 69 of each nozzle structure being 
positioned for dispensing charged microdroplets toward target 71, or a surface 
76 thereof. In the exemplary embodiment of Figure 2, to set up the electric field 
79, the target 71 functions as a second electrode structure, e.g., a grounded target 
71. An electrical potential difference is applied between the first electrode 

15 conductive structure 56 and the second electrode or grounded target structure 71 
that is electrically isolated from the first electrode. One skilled in the art will 
recognize that the electrodes may be formed using one or more conductive 
elements and such electrodes may take one of various different configurations. 
Generally, in operation, a flow of the fluid composition 77 is provided 

20 through the openings 53 of the nozzle structures 54, e.g., pushed and/or pulled 
through the openings 53. A meniscus is formed at the dispensing end 69 where 
the opening 53 has a diameter in the preferred range of about 6 microns to about 
2 millimeters. A potential difference is applied to establish a nonuniform field 
79 between the first electrode conductive structure 56 electrically coupled to the 

25 nozzle structures 54 and the second electrode target structure 71 connected to 
ground 81 . For example, a high positive voltage may be applied to the first 
electrode conductive structure 56 with the second electrode target structure 71 
being grounded. Further, for example, a voltage difference that provides an 
electric field intensity of greater than 4 kV/cm is preferably used. 

30 As used herein, nonuniform electric field refers to an electric field 

created by an electrical potential difference between two electrodes. The 
nonuniform electric field includes at least some electric field lines that are more 
locally concentrated at one electrode relative to the other electrode, e.g., more 
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concentrated at the dispensing end 69 relative to the second electrode or a 
grounded target surface 71 . In other words, for example, at least some of the 
field lines are off axis relative to the longitudinal axis 51 through the center of 
the opening 53. Further, for example, the target grounded electrode is 
5 positioned forward of dispensing end 69 and is of a size and/or includes at least 
a portion that is located at a position away from the longitudinal axis 5 1 . In 
various embodiments, the second electrode may be one or more ring electrodes, 
plate electrodes, grounded target surfaces, etc. 

In a case where the fluid composition includes an active ingredient, the 

10 fluid composition 77 is flowed through the opening 53 of the nozzle structures 
54. Generally, the fluid composition 77 provided to the opening 53 has an 
electrical conductivity. As the fluid composition 77 progresses through the 
opening or orifice 53, the potential difference between the first and second 
electrodes which creates the electric field therebetween strips the liquid of one 

15 polarity of charge, i.e., the negative charge is stripped when a high positive 

voltage is applied to the electrode 56, leaving a positively charged microdroplet 
to be dispensed from the dispensing end 69. For example, the meniscus at the 
dispensing end 69 may form a cone jet for dispensing a spray of microdroplets 
including the active ingredients when forces of a nonuniform field 79 balance 

20 the surface tension of the meniscus. The spray of microdroplets further become 
more positive in a nonuniform electric field 79. 

As the microdroplets evaporate, the charge of the microdroplets 
concentrate on the active ingredients resulting in a spray of charged particles. 
The amount of charge on the microdroplet, and thus the amount of charge on a 

25 particle after evaporation, is based at least upon the conductivity of the fluid 
composition used to spray the microdroplet, the surface tension of the fluid 
composition, the dielectric constant of the fluid composition, and the feed flow 
rate thereof. Generally, the electric charge concentrated on a particular particle 
is in the range of about 80% to about 95% of a maximum charge that can be held 

30 by the microdroplets, without the microdroplet being shattered or torn apart, i.e., 
in the range of about 80% to about 95% of the Rayleigh charge limit. At 100%, 
the surface tension of the microdroplet is overcome by the electric forces 
causing droplet disintegration. The nonuniform electric field also provides for 
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containment of particles and/or direction for the particles which would otherwise 
proceed in random directions due to the space charge effect. 

One skilled in the art will recognize that the voltages applied may be 
reversed. For example, the first electrode may be grounded with a high positive 
5 voltage applied to the second electrode. In such a case, the particles would have 
a negative charge concentrated thereon. Further, any other applied voltage 
configuration providing a nonuniform electric field to establish the charged 
spray of particles may be used. 

The nonuniform electric field can be provided by various configurations. 

1 0 For example, the second electrode may be any conductive material grounded and 
positioned to establish the formation of a spray 68 from the dispensing ends 69 
of the nozzle structures 54, e.g., the second electrode may be a grounded ring 
electrode, a grounded target surface holding excipient material, a container 
grounded for use as an inhalation device, etc. The second electrode may also be 

15 located at various positions, such as just forward of the nozzle structures 54, or 
located farther away from the nozzle structures 54 and closer to target surface 
76. 

The strength of the field may be adjusted by adjustment of the distance 
between the first and second electrodes. Different field strengths will result in 

20 relatively different areas D upon which particle spray is provided, at least in part 
due to the space charge effect of the sprays of particles 68. One skilled in the art 
will recognize that one or more components of the dispensing device 52 may be 
moved relative to the others, e.g., the target surface relative to the nozzle 
structures 54 or vice versa, to facilitate adjustment of field strength. 

25 The fluid composition 77 from the holding apparatus 60 is provided to 

the nozzle structures 54, when operable, under control of, preferably, 
compressed gas source 64. As described above, the flow may also be controlled 
with use of a liquid pump (e.g., a syringe pump, a gravity feed pump, a pressure 
regulated liquid reservoir, etc.), a mass flow controller, or any other flow control 

30 devices suitable for feeding source material, e.g., fluid composition 77, to the 
multiple nozzle structures 54 as would be known to one skilled in the art. 

The flow of fluid composition is atomized into microdroplets by the 
dispensing device 52. Atomization may be provided by any known technique 

20 
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for producing microdroplets, which microdroplets preferably have a nominal 
diameter of about 10 nanometers or greater, more preferably about 20 
nanometers to about 10 micrometers, and even more preferably about 30 
nanometers to about 1 micrometer. Preferably, electrostatic atomization is used. 
5 However, other atomization devices (e.g., pressure regulated atomizers, 

ultrasonic nebulizers, hydraulic nozzles, etc.) may provide adequate atomization. 
As described previously herein, microdroplets having nominal diameters in the 
range of about 10 nanometers to about 2 microns can be produced by 
electrospray. Various factors as described in such references affect the produced 

10 droplet size. For example, capillary size, liquid feed rate, the dispensing device, 
surrounding gas properties, etc. One skilled in the art will recognize that such 
factors and others may be modified to produce microdroplets of desired sizes. 

By applying different electrical potential differences between the 
multiple nozzle structures 54, e.g., capillary tube electrodes 59, and the second 

15 electrode target 71, different operating modes can be established. For example, 
a high positive voltage 73 applied to the capillary tube electrodes via the 
conductive structure 56 with the grounding of the second electrode target 71 
provides sprays 68 with a relatively high positive charge. The second electrode 
71 in such a case may be provided to ground 81 or may have a negative voltage 

20 connected thereto. For example, the voltage applied is limited by the maximum 
electric field intensity permitted in the medium in which the field is created. For 
example, arcing will occur in air at an electrical field intensity greater than about 
30 kV/cm. However, the allowed electric field intensity can be increased with 
use of a sheath gas about the nozzle structures, such as C0 2 , SF 6 , etc. 

25 With relatively large potential differences being applied, as described in 

the above-cited papers, pulsating modes or cone jet modes of operation are 
achieved. In a cone jet mode of operation, a cone shaped liquid meniscus is 
foimed at the dispensing end 69, whereas in the pulsating mode, the shape of a 
liquid meniscus alternates between a cone shape and a round shape. On the 

30 other hand, with relatively low electrical potential differences applied between 
the capillary tube electrode 59 and the second electrode 71, dripping from the 
dispensing tip occurs. According to the present invention, a spray from a cone 
jet 83 formed at the orifice or opening 53 of the capillary tube 59 is preferred. 
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Although various configurations, as described further below, for the 
electrospray dispensing device may be suitable, the dispensing device 52 
preferably includes capillary tubes 59 made of a suitable material, such as, for 
example, platinum, silica, etc. for providing the spray 68 from each of the nozzle 

5 structures 54, e.g., the capillary tube 59 thereof. For example, the capillary tube 
may have an outer diameter in the preferred range of about 6 micrometers to 
about 2.5 millimeters and an inner diameter in the preferred range of about 6 
micrometers to about 2 millimeters. 

Further, the dispensing device 52 may include a casing about each 

10 capillary tube, e.g., a concentric tube, or about the dispensing device 52, e.g., a 
housing surrounding the spraying portion of the device 52, which may be used to 
provide a sheath of gas, e.g., CO2, SF 6 , etc., around the capillary tubes 59 to 
increase the electrostatic breakdown voltage for the capillary tubes, e.g., to 
prevent corona discharge. The use of such a sheath of gas is particularly 

15 beneficial when the spray is created using the high surface tension liquid, e.g., 
deionized water. 

Several detailed configurations for the nozzle structures 54 are described 
in further detail below. Preferably, according to the present invention, the 
configurations of multiple nozzle structures 54 provide sprays of particles from 
20 all of the nozzle structures such that particles are delivered at a rate in the range 
of about 2 grams/minute to about 50 grams/minute. Such a rate provides a 
desirable quantity of particles, such as drug active ingredient particles, to be 
used in one or more various applications or later processing. 

The multiple nozzle structures 54 may be provided in one or more 
25 various different configurations. For example, several illustrative embodiments 
of such configurations are shown in Figures 3-5. 

A rectangular pattern configuration 90 is shown in Figure 3 A. The 
rectangular pattern configuration 90 comprises nozzle structures 92 aligned in an 
array. The internozzle distances 93 and 94 are generally different between such 
30 nozzle structures 92. 

An alternate diamond pattern nozzle structure configuration 100 is 
shown in Figure 3B. The diamond pattern configuration 100 includes nozzle 
structures 102 provided in a diamond shape have internozzle distances 104 and 
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106. Such intemozzle distances 104 and 106 are not equal between such nozzle 
structures 102. 

Figure 3C shows a circular pattern configuration of nozzle structures 
125. The circular configuration of nozzle structures 125 include a center nozzle 
5 structure 122 positioned along an axis 121, an outer ring 124 of multiple nozzle 
structures 125, and one or more inner rings 126 of multiple nozzle structures 125 
that lie between the center nozzle structure 122 and the outer ring 124. The 
outer ring 124 of multiple nozzle structures and the one or more inner rings 126 
of multiple nozzle structures are concentric about the center nozzle structure 
10 122. 

The nozzle structures 125 in the circular configuration 120 are separated 
from each other by an intemozzle distance 128. Preferably according to the 
present invention, each of the nozzle structures 125 of the one or more inner 
rings are at a substantially equal intemozzle distance (L) from adjacent nozzle 

15 structures 125. 

As used herein, substantially equal intemozzle distance refers to a 
distance that is generally equal between such nozzle structures such that the 
space charge effect of the sprayed particles established at one nozzle structure 
has an essentially equivalent effect on adjacent nozzle structures. For example, 

20 the effect of the spray of particles established at the center nozzle structure 122 
has an equivalent effect on an adjacent nozzle structure 127 of the adjacent inner 
ring 126 as a spray of particles established from a nozzle structure 139 in an 
adjacent inner ring 126. In such a manner, the substantially equal intemozzle 
distance (L) provides for substantially equivalent space charge effects on each of 

25 the nozzle structures 125 of the inner rings 126 and the center nozzle structure 
122. Obviously, somewhat different space charge effect will affect the nozzle 
structures 125 of the outer ring 124 as those nozzle structures 125 in the outer 
ring 124 do not have nozzle structures adjacent to both sides thereof. 
Preferably, the present invention is employed in this circular 

30 configuration 120 with substantially equal intemozzle distance (L) represented 
by reference numeral 128. This is as opposed to the employment of the 
rectangular and/or diamond configurations of Figures 3A and 3B, wherein the 
distances between nozzle structures are not substantially equal. 
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Preferably, as shown in Figure 4, the dispensing ends 69 of the nozzle 
structures generally fall in a single X and Y plane. Further, in at least one 
particular illustrative embodiment, each of the nozzle structures 54 include the 
capillary tubes 59 having a body portion 149 terminating at a capillary tube tip 
5 150. In other words, preferably, the capillary tube tips are all provided in a 

single X and Y plane. Further, as shown in Figure 4, each of the capillary tubes 
59 is generally located along a center axis 51 of the nozzle structure 54 (see 
Figure 2) which is generally parallel to the z axis. In other words, the capillary 
tubes 59 are positioned with the tips 1 50 thereof lying in an XY plane, and 

10 further are positioned in a circular configuration and aligned along the Z axis. 

As shown in Figure 6, the circular pattern configuration 120 requires the 
least voltage to form the cone jet mode for the nozzle structure 54. As such, it is 
apparent that the circular configuration 120 allows the most compact bundle 
arrangement for the capillaries without breakdown in the electric field. With 

15 such a circular pattern configuration 120, it is possible to put 1,000 nozzles 

within a 7 to 1 0 centimeter diameter disk that is a typical area to operate a single 
spray nozzle. Therefore, such a density of nozzle structures may increase the 
mass throughput by a factor of over 1 ,000. The diagram as shown in Figure 3C 
represents the use of multiple rings and clearly is not shown to scale as many 

20 additional nozzle structures 125 and rings may be provided into this circular 
configuration 120. Likewise, the configurations of Figures 3 A -3B are also not 
to scale and can accommodate many more nozzle structures in such 
configurations. 

Figures 5A-5B show a side view and a bottom view of an alternate 
25 conical configuration 160 for the nozzle structures. As shown in Figure 5 A, an 
electrospray dispensing device 162 includes a conductive plate 163, e.g., first 
electrode, that positions and is electrically coupled to a plurality of capillaries 
170, e.g., first electrode. The plurality of capillaries 170 are fed a flow of fluid 
composition 1 86 held in fluid composition holding apparatus 1 84 under control 
30 of compressed gas source 188 and a negatively held target 165 provides the 
nonuniform field for providing a spray of particles from each of the capillaries 
170. 
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In the conical configuration 164 of the capillary tubes 170, different 
inner rings of capillary tubes 170 are terminated at different planes orthogonal to 
axis 171 through center capillary tube 174. In other words, as shown in Figures 
5A-5B, first inner ring 190 of capillaries 170 have capillary tips 1 80 that 
5 terminate at a plane 176 orthogonal to axis 171. Likewise, inner ring 191 of 
capillaries 170 terminate at tips 181 and in plane 178 orthogonal to axis 171, and 
likewise, inner ring 192 of capillaries 170 have tips 182 thereof that terminate in 
plane 179 orthogonal to axis 171. Likewise, one or more additional inner and 
outer multiple nozzle structure rings terminate at other planes orthogonal to axis 
10 171 to form the conical configuration 164. The center capillary has a tip 174 at 
the tip of the cone as shown in Figure 5A. 

Although the present invention is described with regard to preferred 
configurations of nozzle structures, one skilled in the art will recognize that from 
the description herein, various other configurations may also be possible, e.g., 
1 5 pentagon shaped, hexagon shaped, etc. Further, clearly, the present invention is 
not limited to any particle type of nozzle structure employed in such 
configurations as various suitable nozzle structures may be employed. For 
example, various nozzle structures have been previously described generally 
herein and others are described with respect to Figures 7-12. Any nozzle 
20 structure suitable to provide a spray of particles according to the principles 
described herein may be used, e.g., a slit that may provide various cone jets 
(e.g., with or without posts as described below), nozzle structures having 
portions thereof that are integral with portions of other nozzle structures, etc. 

For example, as previously described herein, capillary tubes made of a 
25 suitable material, such as, for example, platinum, silicon, etc., may be used for 
providing sprays of particles as described herein. Preferably, such capillary 
tubes are tapered at the tips thereof so as to concentrate the electric field at the 
tip of each capillary. 

Several illustrative examples utilizing capillary tubes are described 
30 herein with reference to Figures 7 and 8. For example, Figure 7 is a more 
detailed diagram of one configuration of a portion 300 that may be at least in 
part, e.g., the dispensing portion 3 14, employed as a part of a nozzle structure 54 
of the electrospray dispensing device 52 shown generally in Figure 2. 

25 
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As shown in Figure 7, spray 328 is sprayed into a chamber 303 defined 
by a housing 302 having an axis 301 therethrough. The housing 302 includes a 
first end 304 and a second end 306 connected therebetween with a cylindrical 
wall about axis 301. Preferably, the housing 302 is a vacuum chamber which 
5 can be evacuated. The housing 302 is generally formed of insulative materials. 
For example, the cylindrical wall enclosure 308 is preferably a plexiglass 
cylindrical wall for visibility while the first and second ends 304, 306 may be 
formed of various insulative materials. First end 304 may also be formed of 
conductive portions, e.g., conductive material 56, to facilitate application of 

10 voltages or ground to the capillary tube 320. 

The second end 306 of the housing 302 includes an end element 311 
connected to the cylindrical walls 308. Positioned relative to an upper surface 
370 of the end element 3 1 1 is a target platform 3 1 2, e.g., part of second 
electrode, upon which target material, e.g., excipient material, can be positioned. 

1 5 For example, a tube, dish, or any other structure may be positioned on the 
platform 312. Further, a rotatable micrometer adjustment mechanism 310 is 
provided through a lower surface 371 of the end element 31 1 for contact with 
platform 312 such that the height of the platform 312 can be varied, e.g., the 
distance between the target and the and the dispensing tip 380 can be adjusted. 

20 The platform 312 is formed of a conductive material, e.g., stainless steel, and 
may function as the second electrode for establishing spray 328 from the 
dispensing tip 380. 

The first end 304 of the housing 302 includes a distributor head 316 
extending therethrough having an axis that is coincident with axis 301 for use in 

25 establishing the spray 328 in the chamber 303 in combination with conductive 
platform 312. The distributor head 316 includes a capillary tube 320 having an 
axis therethrough coincident with axis 301. The capillary tube 320 includes a 
first end 330 sealingly positioned in aperture 385 of the first end 330 by 
conductive sealing element 337 at the upper surface 383 of the first end 304. 

30 The capillary tube 320 further includes a second end 332 positioned for 

dispensing spray 328 as desired. The capillary tube 320 may be made of any 
suitable material, such as, for example, platinum, silica, stainless steel, etc. and 
may be of any suitable size. For example, the capillary tube may preferably 

26 



id fl oin 1 0£)09600 on 05/ 1 5/^00 / 



WO 01/87491 PCT/US01/15703 

have an outer diameter in the range of about 8 nm to about 2.5 mm, and an 
inner diameter in the preferred range of about 6 jam to about 2 mm. More 
preferably, the inner diameter of the capillary tube is in the range of about 10 
|im to about 200 \xm. 

5 Further, the distributor head 316 includes a nozzle portion or casing 322 

which as illustrated in Figure 7 is an elongate substantially cylindrical metal 
casing concentric with the capillary tube 320. However, the casing 322 can be 
conductive or nonconductive. Further, the casing 322 can take any 
configuration or shape which allows for the flow of a sheath gas about the 

10 capillary tube 320. Together, in this particular embodiment, the capillary tube 
320 and the casing 322 form the capillary tube electrode of the distributor head 
316 for use in providing the spray 328 into the chamber in conjunction with the 
conductive platform 312. The casing or nozzle portion 322 includes a first end 
portion 336 which tapers at section 335 thereof to a narrower second end portion 

15 338. The second end portion 338 extends from the tapered section 335 and is 
concentric with the second end 332 of the capillary tube 320. The narrow end of 
the tapered section 335 extends a preferable distance of about 5 mm to about 5 
cm from the lower surface 3 85 of the first end 304. The outer diameter of the 
second end portion 338 is preferably in the range of about 2 mm to about 5 mm 

20 and the inner diameter of the second end portion 338 is preferably in the range 
of about 0. 1 cm to about 0.2 cm. The second end 332 of the capillary tube 320 
extends beyond the second end portion of the metal casing or nozzle portion 322 
towards the target cells 340 by a distance of preferably about 2 mm to about 5 
mm. The nozzle portion 322 is formed of any suitable metal or nonconductive 

25 material such as stainless steel, brass, alumina, or any other suitable conductive 
or nonconductive material. The nozzle portion 322 is spaced from the capillary 
tube 320 by spacers 326 or other spacing structures. For example, a metal 
casing 322 may be deformed at particular portions, such as pin points or 
depressions, to create a neck for centering the capillary tube 320 therein. 

30 The capillary tube electrode may take one of many configurations. 

However, of primary importance is that the capillary tube electrode provide an 
electrode for creating the nonuniform electric field and, optionally, provide a gas 
sheath about the capillary tube to avoid corona discharge if spraying high 
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surface tension liquids, e.g., deionized water. For example, in an 
electrospraying apparatus wherein the spray is established in a chamber, the 
capillary tube electrode may just include a capillary tube itself, as opposed to 
requiring a casing such as metal casing 322 to provide an annular space for flow 
5 of the sheath gas. In such a configuration, e.g., a multiple nozzle configuration, 
that uses many capillary tubes, the chamber may be flooded with the gas for 
preventing corona discharge. Further, when spraying liquids other than high 
surface tension liquids, the gas sheath may not be required. 

A gas inlet 348 is provided in the first end 304 of housing 302 to allow 

10 for input of a stream of electro-negative gases, e.g., C0 2 , SF 6 , etc., to form a gas 
sheath about the capillary tube 320. The inlet is configured for directing a 
stream of an electro-negative gas in an aperture 350 between the concentric 
capillary tube 320 and the nozzle portion 322. This gas sheath allows the 
applied voltage to be raised to higher levels without corona discharge, e.g., the 

15 electrostatic breakdown voltage for the capillary tube electrode is increased. 
The entire portion of end 304 or portions thereof may be formed of conductive 
materials to facilitate application of a voltage or ground to the capillary tube 
electrode. For example, sealing elements 337 may be nonconductive, but is 
preferably conductive to facilitate application of a voltage or ground to capillary 

20 tube 320. 

The first end 304 further includes an exit port 354 for gases to exit the 
chamber 303. For example, the exit port 354 may open into an annular chamber 
389 defined in the first end 304 having a bottom face plate 390 having a series of 
holes for allowing flow from the chamber 303 out through the exit port 354. A 

25 vacuum pump may be connected to the exit port 354 for evacuating the chamber 
303 to a low pressure. For example, preferably, the pressure in the chamber is in 
the range of about 1 atmosphere to about 0.1 atmosphere. Further, instead of or 
in addition to providing the gas sheath between the capillary tube 320 and the 
nozzle portion 322, the chamber 303 may be flooded with a gas through the exit 

30 port 354 to increase the electrostatic breakdown voltage for the capillary tube 
electrode. 

In one embodiment, the chamber 303 is flooded with the gas through the 
exit port 354 and then a flow in the preferred range of about 5 cc/min to about 
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200 cc/min is continued through the exit port 354. Any port to the chamber 303 
may be used for exit of gas from the flooded chamber, e.g., such as a port that is 
available for sensing pressure (not shown) in the chamber. When the chamber 
303 is flooded, the gas sheath between the capillary tube 320 and the nozzle 
5 portion 322 may not be necessary. As such, flooding of the chamber is an 

alternative to the use of such a gas sheath between the capillary tube 320 and the 
nozzle portion 322. 

To establish the spray 328 in the chamber 303, for example, a suspension 
is provided and received in the first end 330 of the capillary tube 320. 

10 Preferably, the flow rate of the suspension may be in the range of about 0.01 
jil/min to about 5 iil/min. Preferably, a relatively high voltage, for example, in 
the range of about 2000 volts to about 6000 volts, may be applied to the platform 
312 relative to the capillary tube 320 which is electrically grounded (or vice 
versa) to establish the potential difference between the first and second electrode 

15 of the spraying apparatus. In this particular illustrative configuration, capillary 
tube 320, metal casing 322, and sealing element 337 are conductive. Spray 328 
is established forward of the dispensing tip 380 of the second end 332 of the 
capillary tube 320 per a mode of operation as previously described. The 
potential difference between the electrodes establishes an electric field 

20 therebetween causing the formation of a smaller filament at the meniscus formed 
at the dispensing tip 380 while attracting the suspension downward toward the 
target 

Figure 8 is a more detailed diagram of an alternate capillary electrode 
configuration 400 for the distributor head 316 of Figure 7. Like reference 

25 numbers are used in Figure 8 for corresponding like elements of Figure 7 to 

simplify description of the alternate capillary configuration 400. Generally, the 
alternate capillary electrode configuration 400 is substituted for or replaces the 
single capillary tube 320 of the structure shown in Figure 7. 

The capillary electrode configuration 400 includes a first capillary tube 

30 412 having an axis coincident with axis 301 for receiving the suspension or fluid 
composition being sprayed. Further, a second capillary tube 414 is concentric 
with the first capillary tube 412. An annular space 487 between the inner and 
outer capillaries 412, 414 is used to direct a stream of a second fluid 
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composition to the dispensing tip 495 for use in establishing the spray forward 
thereof. For example, an electrolyte solution or a coating or encapsulant 
material may be provided to the dispensing tip 495 for establishing the spray of 
microdroplets therefrom. The stream of the second fluid composition is directed 
5 in the annular space 487 such that it comes into contact with the suspension, i.e., 
the first fluid composition, proximate the dispensing tip 495. 

In more detail, the housing portion 430 includes an aperture 483 
extending from a first end 480 of the housing portion 430 to a second end 482 
thereof. An inlet port 420 opens into the aperture 483. The inlet port 420 

10 receives a flow of second fluid composition 422 to be directed in the annular 
space 487 about the capillary tube 412. The first capillary tube 412 has a first 
end 413 and a second end 415. The capillary tube 412 is positioned in the 
aperture 483 of the housing portion 430 of generally T-shaped configuration. 
The first end 413 of the capillary tube 412 is sealed to housing 430 using 

1 5 conductive element 43 1 at the first end 480 of the housing portion 430. The 
capillary tube 412 extends from the second end 482 of the housing portion 430 
and with the second capillary tube 414 forms the annular space 487. 

The second capillary tube 414 includes a first end 490 and a second end 
491. The second capillary tube 414 is positioned so that it is concentric with the 

20 first capillary tube 412. The first end 490 of the second capillary tube 412 is 
coupled to the second end 482 of the housing portion 430 using conductive 
element 432. Further, the second end 491 of the second capillary tube 414 is 
held in place relative to the nozzle portion 322 by spacers 326. The second 
capillary tube 414 extends beyond the first capillary tube 412 a predetermined 

25 distance in the direction of the target of preferably about 0.2 mm to about 1 mm. 
The portion of the second capillary tube 414 at the dispensing tip 495 which 
extends beyond the first capillary tube is tapered at a 60 degree to 75 degree 
angle for obtaining stable spray pattern and operation mode, i.e., consistent 
spraying patterns. Without the taper, intermittent operation may occur. Further, 

30 the second capillary tube 414 extends beyond the second end 338 of the nozzle 
portion 322 a predetermined distance (d5), preferably about 2 mm to about 5 
mm. The first capillary tube 412 has preferable diameters like that of capillary 
tube 320 of Figure 7. The second capillary tube concentric with the first 
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capillary tube has a preferable outer diameter of about 533.4 ^im to about 
546.1jim and a preferable inner diameter of about 393.7 \im to about 431.8 |xm. 
The gap d6 at the tip of the second capillary tube 414 is preferably in the range 
of about 10 jim to about 80 |im. The other preferred configuration parameters 
5 are substantially equivalent to that described with reference to Figure 7. In 
such a configuration, dual streams of liquids are provided for establishing a 
spray from dispensing tip 495 of the apparatus. Further, a gas sheath may also 
be provided through inlet port 348 as previously described with reference to 
Figure 7. Yet further, the first capillary tube 412 may extend beyond the end of 

10 the second capillary tube 414, e.g., the dispensing tip is formed at the end of first 
capillary tube 412 which is closer to the target than the end of the second 
capillary tube 414. In other words, the first fluid composition, e.g., the 
suspension, may contact the second fluid composition before exiting the 
dispensing tip 495 or the suspension may contact the second fluid composition 

15 upon exiting the end of the first capillary tube 412. Further, the second capillary 
tube may take various other configurations to form the space for providing the 
-second fluid composition to the dispensing tip, e.g., not necessarily a capillary 
tube structure. 

The dual capillary configuration may be used to spray coated particles of 
20 active ingredients or create particles having more than one ingredient. For 

example, active ingredients may be provided by the first fluid composition and a 
coating material, e.g., a time release polymer, may be provided by the second 
fluid composition. When sprayed, the coating material encapsulates the active 
ingredient, at least in part 
25 Further, the second fluid composition could be an electrolyte solution 

having a particular conductivity to adjust the charge concentrated on the 
particles, e.g., a fluid composition that is or may not be compatible with the first 
fluid composition. The electrical conductivity of such electrolyte liquids is 
preferably in the range of about 60 \iCT l /cm to about 80,000 |iQ*Vcm. The 
30 particle size can be controlled with control of the conductivity of the particles. 
For example, with increased conductivity, particle size is decreased. 

The nozzle structures may also be provided in one or more of the 
multiple nozzle structure configurations described herein using an alternate 
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manner of providing the nozzle structures as shown in Figure 9. A electrospray 
dispensing device 502 that may be employed in the particle generator system of 
Figure 1 includes multiple nozzle structures 506. The multiple nozzle structures 
506 are provided, preferably, by a single integral conductive material 504, e.g., a 
5 micro-machine plate. The conductive material or micro-machined plate 504 
may form a part, e.g., the bottom surface 523, of fluid composition holding 
apparatus 522 for containing fluid composition 524 and providing a flow of fluid 
composition 524 to each of the nozzle structures 506. For example, as described 
previously herein, a compressed gas source 526 may be used to deliver the fluid 

10 composition 524 to each orifice or opening 525 of the nozzle structures 506. 
With a potential difference provided between the conductive material 504, in 
which the multiple nozzle structures 506 are formed, and the target 520, cone 
jets 517 (see Figure 10) are provided at dispensing ends 513 of the multiple 
nozzle structures 506 to provide the sprays of particles 519. 

15 Figure 10 shows one of the nozzle structures 506 of Figure 9 in further 

detail. The nozzle structure 506 includes a tapered portion 516 that defines the 
orifice or opening 525. The opening 525 of the nozzle structure 506 extends 
along the axis 501 . The tapered portion 516 includes tapered inner surfaces 509, 
i.e., inner relative to the fluid composition, to receive fluid composition 524 and 

20 provide sufficient flow into opening 525. The tapered portion 5 1 6 further 
includes outer tapered surfaces 508. The outer tapered surfaces 508 and inner 
tapered surfaces 509 are preferably opposing surfaces having a generally parallel 
configuration. In other words, such tapers are at the same angle relative to the 
generally plate like conductive material 504 which lies orthogonal to axis 501 . 

25 The tapered outer surfaces 508 extend towards the target 520 and terminate at 
dispensing end 513 at which a cone jet is formed when operating under the 
applied potential difference. 

Figures 1 1 and 12 show a diagrammatic illustration of another alternate 
embodiment of an electrospray dispensing device 552 that includes multiple 

30 nozzle structures 556 in a similar manner to that shown in Figures 9-10, but 
having a dual opening configuration. In such a manner, this apparatus may be 
used in a maimer similar to that described previously with respect to Figure 8 
which shows the use of concentric capillaries. 
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As shown in Figure 1 1 , the dispensing device 552 includes generally two 
conductive plate like structures 584 and 585 acting as the first electrode of the 
device 552. The conductive plate like structures 584 and 585 are separated to 
allow for a fluid composition 573 to be provided therebetween from a fluid 
5 composition source 572. The plate like structures 584 and 585 are formed to 
provide the dual opening nozzle structures 556. Each of the nozzle structures 
556 form a cone jet 560 upon application of a suitable potential difference 
between the first electrode, i.e., the conductive plate structures 584 and/or 585 
and the target 554. As such, a spray of particles 562 is provided or established at 

10 the dispensing ends 582 (see Figure 12) of each nozzle structure 556. 

Once again under application of compressed gas 568, fluid composition 
566 held in holding apparatus 564 is provided for flow through each of the 
nozzle structures 556. The fluid composition 566 may be the same or different 
than the fluid composition 573. Preferably, the fluid composition 566 is 

15 different than the fluid composition 573. For example, as previously described 
herein, fluid composition 566 may include an active ingredient for medicinal 
purposes and the fluid composition 573 may include an excipient or a coating 
material, such as a time release material, e.g., a polymer. With the use of such 
fluid compositions, coated particles can be sprayed from each nozzle structure 

20 556. 

Figure 12 shows a more detailed drawing of one nozzle structure 556 
employed in the dispensing device 552. As shown in Figure 12, first conductive 
plate structure 584 provides for the definition of an opening 596 through which 
first fluid composition 566 is provided. The first conductive plate structure 584 

25 and the second plate structure 585 provide for a space or channel 570 

therebetween to receive a second fluid composition 573. The second fluid 
composition 573 meets the first fluid composition 566 at opening 594 defined by 
the second conductive plate structure 585. Depending on the configuration 
defining the openings 594, 596 and channel 570, the two fluid compositions may 

30 come into contact with each other in either the channel 570 or the opening 594. 

The first conductive plate structure 584 includes a tapered portion 586 
that defines the opening 596 along axis 553. The tapered portion 586 includes 
inner tapered surfaces 598, i.e., relative to fluid composition 566, that receive 
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fluid composition 566, and outer surfaces 597 tapered in a manner, preferably 
like those of inner surfaces 598. The outer surfaces 597 extend towards the 
target 554 and terminate at an outlet 574 into channel 570. 

Likewise, conductive plate structure 585 includes tapered portion 588 
5 which defines opening 594 along axis 553. The tapered portion 588 includes 
inner surfaces 591 that receive the second fluid composition 573 and the first 
fluid composition 566 provided via outlet 574. The tapered portion 588 further 
includes outer tapered surfaces 590 that terminate at dispensing end 582 such 
that when a potential difference is applied between the conductive plate 
10 structures 585, 588 and the target 554, a cone jet 560 is formed at the dispensing 
end 582. 

It will be recognized that drilling simple holes in conductive plates will 
not provide for the formation of a cone jet at an orifice thereof. As shown in 
Figures 9-12, to form a cone jet at the dispensing ends of the nozzle structures 

15 shown therein, each of the nozzle structures must include a protrusion from a 
plate like structure. In other words, the tapered portions of the nozzle structure 
shown in Figures 9-12 which provide a protrusion or extension from such plates 
are required to allow for the formation of a cone jet at the tip of such protruding 
structures. Such plate like structures may allow for closer spacing of nozzle 

20 structures as they can be micro-machined with very tight tolerances. 

As previously described herein, the nanoparticles of the sprays 
established at the dispensing ends of the nozzle structures are generally highly 
charged which occurs because of an increasingly higher voltage potential 
applied to the nozzle structure to operate in cone jet mode. Because of the 

25 increasingly higher voltage potential, eventually, a corona discharge and voltage 
breakdown may occur and destroy the cone jet. As shown in Figure 13, and 
other embodiments herein, it is possible to use a separation structure, e.g., 
structure 614 to isolate each nozzle structures from adjacent nozzle structures to 
reduce the space charge effect caused by the highly charged nanoparticles. This 

30 separation structure technique provides one method of allowing the nozzle 
structures to be highly packed into a small region. 

Figure 13 shows an electrospray dispensing device 600 that employs 
such isolation techniques. The electrospray dispensing device 600 includes 
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multiple nozzle structures 604 positioned for spraying within a housing 60 L 
Each of the nozzles structures 604 is provided by a capillary tube inserted and 
electrically coupled to a conductive plate 608 that allows a potential difference 
to be applied between the capillary tubes 606 and a grounded target 61 5. Each 
5 of the capillary tubes 606 allows for a cone jet 618 to be formed at the 

dispensing ends 619 thereof. The capillary tubes 606 are provided with a flow 
of fluid composition 613 held in holding apparatus 612, e.g., provided under 
control of a compressed gas source 616. 

To isolate each of the dispensing ends 619 of each of the nozzle 

10 structures 604 from one another, a separation structure or rib separator 614 is 
provided. This separation structure 614 may be integral with the conductive 
plate 608 into which capillaries 606 are inserted or may be separated therefrom. 
Various configurations for the separation structure 614 may be used. For 
example, as shown in Figure 13, a separation structures extending from the 

1 5 plate 608 are provided between each of the capillaries 606. One skilled in the art 
will recognize that any form or size of such separation structure 614 may be 
used as long as suitable isolation of the dispensing ends 619 from each other is 
provided. Generally, and preferably, the separation structures extend to a point 
lower than the dispensing end 619, or, in the conjunction with the use of 

20 capillaries 606, the tips thereof In such a manner, a cone jet is allowed to form 
at the dispensing end of each nozzle structure 604. 

The separation structure 614 may be made of any insulative material, 
such as Teflon, plastic, etc. Because the space charge effect is reduced by the 
separation structure 614, i.e., the space charge effect between nozzle structures, 

25 a more uniform dispersed spray of particles is provided. This is in part due to 
the lower voltage operation allowed with the use of such separation structure 
614. 

It will be recognized by one skilled in the art that the configuration of the 
separation structure 614 will be, at least in part, dependent upon the structure or 
30 configuration of the nozzle structures. In other words, if a rectangular pattern of 
nozzle structures is utilized, then line type separators may be used. Likewise, if 
a circular configuration of nozzle structures is used, then such separators may 
need to be in a type of circular configuration. 
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Separation structures are also shown in other embodiments previously 
described above. For example, in Figure 11, separation extensions 558 are 
shown as extending from conductive plate structure 585 to separate the nozzle 
structures 556. Likewise, as shown in Figure 9, separation extensions 512 
5 extend from conductive plate structure 504 to separate the nozzle structures 506. 

Also shown in Figure 13 is a gas source 621 for providing a sheath 
within the housing 601 facilitate movement of the sprayed particles. For 
example, the gas source 621 may provide a gas sheath including an inert gas 
such as C0 2 or any other suitable gas such as previously described herein. Such 
10 a gas sheath may be used so as to allow for use of a higher electric field intensity 
without arcing, and further may be provided to carry away particles. Such gas 
sheaths may be provided in any of configurations described herein. 

Another alternate dispensing device 700 is shown in Figures 14A-14B. 
In this alternate configuration, axial posts 716 are used to guide liquid flow. 
15 Cone jet formation is facilitated by having the guided post 716 at the center of 
the cone jet 720. Figure 14A shows an exemplary side view of the dispensing 
device 700 and Figure 14B shows a cross-section of Figure 14A at line 14B- 
14B. 

As shown in Figures 14A-14B, the dispensing device 700 includes a 
20 conductive plate 706 having multiple openings 712, e.g., circular openings, 
formed therein for use in providing multiple nozzle structures 708. Each 
opening 712 and the conductive plate 706 generally lie orthogonal to axes 701 of 
the nozzle structures 708. For machining purposes, such openings may be 
connected by channel portions 714. 
25 Each of the nozzle structures 708 is formed using one of the openings 

712 by providing a post member 716, e.g., a solid post, along the axis 701 
through the center of the opening 712. The post member 716 includes a tip 721 
that extends a predetermined distance past the conductive plate 706 and through 
the opening 712 to form the nozzle structure 708. 
30 The plate structure 706 may form a part of fluid composition holding 

apparatus 704 in which fluid composition 702 is contained. As the fluid 
composition 702 is pushed through openings 712 forming part of the nozzle 
structure 708, by or under control of, for example, a compressed gas source 730, 
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the fluid composition 702 follows the post 716. With the appropriate pressure 
applied by gas source 730 and an electrical potential difference applied between 
the plate 706 and target 710, cone jets 720 are formed at the tips 721 of the post 
members 71 6. Sprays of particles 722 are then provided as a result of the cone 
5 jets. 

Figures 15 A and 15B show an exemplary particle production system 750 
for generating particles. Figure 15A is a perspective view of the system 750, 
while Figure 15B is a cross sectional view of the system 750 taken at line 15B- 
15B. 

1 0 The production system 750 includes a dispensing device 760 located 

along axis 752. The dispensing apparatus 760 is a cylindrical fluid composition 
holding apparatus 754 having multiple nozzle structures 756 extending about the 
perimeter thereof Each of the nozzle structures 756 extend along an axis 757 
thereof which is orthogonal to the axis 752. As shown in Figure 15B, the axis 

15 757 of the multiple nozzle structures 757 lying in substantially the same plane 
orthogonal to the axis 752 are not parallel to one another. This is unlike the 
previous embodiments as described herein wherein each nozzle axis of the 
multiple nozzle structures were parallel, e.g., axes were aligned along the Z axis. 
This non-parallel configuration provides additional separation at the dispensing 

20 ends 761 of the nozzle structures 756. One will recognize that any of the nozzle 
structures previously described herein may be used in accordance with the 
embodiment of Figure 15. 

With the nozzle structures 756 provided and a high voltage 763 applied 
thereto, a nonuniform electric field is established between the nozzle structures 

25 756 and an outer hollow cylindrical body 758 having an inner surface 759 and 
an opposing outer surface 770. As such, a cone jet is formed in the electric field 
at the dispensing end 761 of the nozzle structure 756 and sprays of particles 762 
are provided onto the inner surface 759 of the cylindrical member 758. 

With the sprayed particles on the inner surface 759 of the cylindrical 

30 member 758, a scraping apparatus 768 may be provided to remove such particles 
from the inner surface 759. This scraping apparatus 768 which extends along 
the axis 752 is also a cylindrical body sized to be slid through the cylindrical 
member 758 such that the outer surface 777 of the scraping apparatus 768 is in 
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contact with the inner surface 759 of the cylindrical member 758 so as to 
remove, e.g., push, the nanoparticles off of the inner surface 759. The particles 
may then be collected. 

One will recognize that this production system 750 is only but one 
5 embodiment of any numerous types of production and collection mechanisms 
that may be used to attain a quantity of particles desired. The present invention 
is in no manner limited to any particular collection devices. 

An alternative to providing a cone jet by electrostatic force is to form 
such a cone jet by using aerodynamic force. In such a manner, associated space 
10 charge problems of the spray of particles is eliminated. Figures 16 and 17 show 
an air dispensing device 800 that employs the use of aerodynamic force in the 
formation of a cone jet which may be employed in the general embodiment of 
the particle generator system shown in Figure 1. 

The air dispensing device 800 includes a plate 840 having openings 842 
1 5 formed therein for use in providing multiple nozzle structures 806. The multiple 
nozzle structures s 806 of the air dispensing device 800 are provided by 
positioning a capillary 812 with an end 815 thereof in close proximity to the 
opening 842 in the plate 840. The capillary 812 generally lies orthogonal to the 
plate 840. In such a configuration and as further described below with reference 
20 to Figure 1 7, a cone jet 83 1 can be formed at the dispensing end 8 1 0 of the 
nozzle structures 806 to provide a spray of particles 808 from each nozzle 
structure 806 onto target 804. 

To form the cone jet 83 1 , a fluid composition 822 held in holding 
apparatus 820 is provided into the capillaries 812 under control of, for example, 
25 compressed gas source 824. As the fluid composition 822 is pushed through the 
capillaries 812, a gas source 830, e.g., preferably a compressed gas source, 
provides compressed gas 830 around the dispensing tip 815 of capillary 812 and 
through opening 842 of each nozzle structure 806. At least in part, the cone jet 
mode is provided at the dispensing end 810 of each of the nozzle structures by 
30 the compressed gas 830 flowing through opening 842 and around the capillary 
tube tip 815 as further described below with reference to Figure 17. 

Figure 17 shows a more detailed diagram of each nozzle structure 806 of 
the air dispensing device 800. As shown therein, the capillary tube 812 includes 
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a body portion 813 and the tip 815. Preferably, the tip 815 is slightly tapered. 
The plate 840, which has the openings 842 defined therein, includes a tapered 
region 839 defining each opening 842. The tapered region 839 includes inner 
surfaces 841, i.e., inner relative to the compressed gas 830, provides for 
5 receiving the compressed gas 830 and applying aerodynamic force onto the 
meniscus of fluid composition 822 formed at capillary tube tip 815. The cone 
jet 831 is formed thereby which provides the spray of particles 808. It would be 
recognized that the tapered portion 839 may take one of various configurations. 
For example, such tapered surfaces 841 may include multiple tapers or may be 

10 arced, or further, may even include multiple tapered inner and outer surfaces as 
previously described herein with reference to Figures 9-12. 

Further, other structures in addition to capillaries may be used to provide 
the fluid composition in close proximity to the opening for 842. However, 
preferably, a capillary tube 812 having a tip 815 thereof positioned below the 

15 upper surface 837 and in the opening 842 defined in the plate 840 is employed. 

Aerodynamic cone jets have been shown to produce particles having a 
size as small as 70 microns. For example, such cone jets are described in the 
article entitled "New Microfluidic Technologies to Generate Respirable 
Aerosols for Medical Application" by Afonso M. Ganan-Calvo, Journal of 

20 Aerosol Science, Vol. 30, Suppl. 1, pps. 541-542. 

The dual capillary configurations or the dual structures such as those 
shown in Figures 8 and 1 1 may be implemented using the aerodynamic 
structures shown in Figures 16 and 17 as well. For example, multiple openings 
may be provided for each nozzle structure in a manner similar to that shown in 

25 Figure 1 1 . As such, for example, coated particles may be generated thereby. 
All patents, patent documents, and references cited herein are 
incorporated in their entirety as if each were incorporated separately. This 
invention has been described with reference to illustrative embodiments and is 
not meant to be construed in a limiting sense. As described previously, one 

30 skilled in the art will recognize that other various illustrative applications may 
use the techniques as described herein to take advantage of the beneficial 
characteristics of the particles generated hereby. Various modifications of the 



39 



id fl oin 1 0£)09600 on 05/ 1 5/^00 / 



WO 01/87491 PCT/US01/15703 

illustrative embodiments, as well as additional embodiments to the invention, 
will be apparent to persons skilled in the art upon reference to this description. 
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What is claimed is: 

1 . An electrospraying method, the method comprising: 

providing a plurality of nozzle structures, wherein each nozzle structure 
5 comprises at least one opening defined along a center axis of the nozzle structure 
and terminating at a dispensing end thereof from which a spray of particles 
having an electrical charge applied thereto is dispensed, wherein each nozzle 
structure is separated from adjacent nozzle structures by at least an internozzle 
distance (L) defined by the distance between center axes of the nozzle structures, 
10 wherein the ratio of the internozzle distance (L) to a diameter (D) of the opening 
at the dispensing end is equal to or greater than 2; and 

dispensing the spray of particles from each nozzle structure by creating a 
nonuniform electrical field between the dispensing ends from which the sprays 
are established and an electrode electrically isolated from the dispensing ends. 

15 

2. The method of claim 1 , wherein each of the nozzle structures comprises 
a capillary tube comprised of a body portion and a tapered capillary tip at the 
dispensing end of the capillary tube. 

20 3. The method of claim 1 , wherein each of the nozzle structures comprises 
a tapered portion used to define the opening, and further wherein at least a part 
of each of the nozzle structures extend from an integral multiple nozzle structure 
conductive portion. 

25 4. The method of claim 1 , wherein each of the nozzle structures comprises 
a solid post along the center axis extending through the opening at the 
dispensing end. 

5. The method of claim 1 , wherein each of the dispensing ends of the 
30 nozzle structures are positioned in an x-y plane and have the center axis thereof 
aligned along the z axis. 
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6, The method of claim 1 , wherein dispensing the spray of particles 
includes dispensing a spray of microdroplets including an active ingredient, and 
further wherein the electrical charge is concentrated on the active ingredient as 
the microdroplet evaporates. 

5 

7. The method of claim 1 , wherein providing a plurality of nozzle structures 
comprises providing a circular configuration of nozzle structures comprising an 
outer multiple nozzle structure ring and one or more inner multiple nozzle 
structure rings, wherein each of the outer multiple nozzle structure ring and the 

1 0 inner multiple nozzle structure rings are concentric about a center nozzle 

structure, and further wherein each of the nozzle structrues of the one or more 
inner multiple nozzle structure rings are at a substantially equal internozzle 
distance (L) from adjacent nozzle structures. 

1 5 8. The method of claim 7, wherein the dispensing ends of the plurality of 
nozzle structures lie in a plane. 

9. The method of claim 7, wherein the dispensing end of the center nozzle 
structure lies in a first plane and at least the dispensing ends of the nozzle 

20 structures of at least one of the multiple nozzle structure rings lie in at least a 
second plane. 

10. The method of claim 9, wherein the dispensing ends of the nozzle 
structures form a conical configuration with the dispensing end of the center 

25 nozzle structure at a tip of the conical configuration. 

1 1 . The method of claim 1 , wherein the method further comprises isolating 
the dispensing ends of the nozzle structures from one another such that a cone jet 
is allowed to form at the dispensing end of each nozzle structure. 



30 



12. The method of claim 1, wherein isolating the dispensing ends of the 
nozzle structures from one another comprises positioning one or more separation 
structures between nozzle structures. 
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13. The method of claim 1 9 wherein the particles have a nominal diameter of 
about 1 nanometers to about 2000 nanometers. 



14. The method of claim 1, wherein each of the nozzle structures comprise at 
5 least a first and second opening terminating at the dispensing end of each nozzle 

structure. 

1 5. The method of claim 14, wherein the method further comprises: 
providing a first flow of a first fluid composition at the first opening; 

10 providing a second flow of a second fluid composition at the second 

opening; and 

establishing a spray of particles from the first and second fluid 
compositions. 

15 16. The method of claim 1 5, wherein the first fluid composition comprises 
an active ingredient and the second fluid composition comprises a coating 
component, and further wherein dispensing the spray of particles comprises 
dispensing a spray of coated active ingredients. 

20 17. The method of claim 1, wherein the method further comprises: 
providing excipient material; and 

combining the spray of particles with the excipient material. 

18. The method of claim 1, wherein the method further comprises: 
25 providing a charged pattern; and 

collecting the spray of particles on the charged pattern. 

19. The method of claim 1, wherein dispensing the spray of particles 
comprises dispensing the spray of particles into a container operable for 

30 inhalation by a user. 
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20. The method of claim 1 , wherein dispensing the spray of particles 
comprises dispensing the spray of particles at a rate in the range of 2 
grams/minute to 50 grams/minute. 

5 21. The method of claim 1 , wherein the center axes of two or more nozzles 
are not parallel to one another. 

22. An electrospraying method, the method comprising: 

providing a circular configuration of nozzle structures comprising an 
10 outer ring of nozzle structures and one or more inner rings of nozzle structures, 
wherein each of the outer ring and the inner rings are concentric about a center 
nozzle structure, and further wherein the center nozzle structure and each of the 
nozzle structures of the one or more inner rings is at a substantially equal 
internozzle distance (L) from adjacent nozzle structures, and further wherein 
15 each of the nozzle structures comprises at least one opening defined along a 
center axis of the nozzle structure and terminating at a dispensing end thereof 
from which a spray of particles having an electrical charge applied thereto is 
dispensed; and 

dispensing the spray of particles from each nozzle structure by creating a 
20 nonuniform electrical field between the dispensing ends from which the sprays 
are established and an electrode electrically isolated from the dispensing ends. 

23. The method of claim 22, wherein the dispensing ends of the plurality of 
nozzle structures lie in a plane. 

25 

24. The method of claim 22, wherein each of the nozzle structures comprises 
a capillary tube comprised of a body portion and a tapered capillary tip at the 
dispensing end of the capillary tube. 

30 25. The method of claim 22, wherein each of the nozzle structures comprises 
a tapered portion used to form define the opening, and further wherein at least a 
part of each of the nozzle structures extend from an integral multiple nozzle 
structure conductive portion. 
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26. The method of claim 22, wherein each of the dispensing ends of the 
nozzle structures are positioned in an x-y plane and have the center axis thereof 
aligned along the z axis. 

5 27. The method of claim 22, wherein dispensing the spray of particles 
includes dispensing a spray of microdroplets including active ingredient, and 
further wherein the electrical charge is concentrated on the active ingredient as 
the microdroplet evaporates. 

10 28. The method of claim 22, wherein the method further comprises isolating 
the dispensing end of the nozzle structures from one another such that a cone jet 
is allowed to form at the dispensing end of each nozzle structure. 

29. The method of claim 22, wherein the particles have a nominal diameter 
15 of about 1 nanometers to about 2000 nanometers. 

30. The method of claim 22, wherein each of the nozzle structures comprise 
at least a first and second opening terminating at the dispensing end of each 
nozzle structure. 

20 

31. The method of claim 22, wherein the method further comprises: 
providing a first flow of a first fluid composition at the first opening; 
providing a second flow of a second fluid composition at the second 

opening; and 

25 establishing a spray of particles from the first and second fluid 

compositions. 

32. The method of claim 3 1 , wherein the first fluid composition comprises 
an active ingredient and the second fluid composition comprises a coating 

30 component, and further wherein dispensing the spray of particles comprises 
dispensing a spray of coated active ingredients. 

33. The method of claim 22, wherein the method further comprises: 
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providing excipient material; and 

combining the spray of particles with the excipient material. 

34. The method of claim 22, wherein the method further comprises: 
5 providing a charged pattern; and 

collecting the spray of particles on the charged pattern. 

35. The method of claim 22, wherein dispensing the spray of particles 
comprises dispensing the spray of particles into a container operable for 

1 0 inhalation by a user. 

36. The method of claim 22, wherein dispensing the spray of particles 
comprises dispensing the spray of particles at a rate in the range of 2 
grams/minute to 50 grams/minute. 

15 

37. An electrospraying method, the method comprising: 

providing a plurality of nozzle structures, wherein each nozzle structure 
comprises at least one opening defined along a center axis of the nozzle structure 
at a dispensing end thereof from which a spray of particles having an electrical 
20 charge applied thereto is dispensed, wherein each nozzle structure is separated 
from adjacent nozzle structures by a distance; 

structurally isolating the nozzle structures from one another such that a 
cone jet is allowed to form at the dispensing end of each nozzle structure; and 

dispensing the spray of particles from each nozzle structure by creating a 
25 nonuniform electrical field between the dispensing ends from which the sprays 
are established and an electrode electrically isolated from the dispensing ends. 

38. The method of claim 37, wherein structurally isolating the nozzle 
structures from one another comprises positioning one or more separation 

30 structures between nozzle structures. 
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39. The method of claim 37, wherein each of the nozzle structures comprises 
a capillary tube comprised of a body portion and a tapered capillary tip at the 
dispensing end of the capillary tube. 

5 40. The method of claim 37, wherein each of the nozzle structures comprises 
a tapered portion used to form the opening, and further wherein at least a part of 
each of the nozzle structures extends from an integral multiple nozzle structure 
conductive portion. 

10 41 . The method of claim 37, wherein each of the nozzle structures comprises 
a solid post along the center axis extending through the opening at the 
dispensing end. 

42. The method of claim 37, wherein each of the dispensing ends of the 
nozzle structures are positioned in an x-y plane and have the center axis thereof 

1 5 aligned along the z axis. 

43. The method of claim 37, wherein the particles have a nominal diameter 
of about 1 nanometers to about 2000 nanometers. 

20 44. The method of claim 37, wherein each of the nozzle structures comprise 
at least a first and second opening terminating at the dispensing end of each 
nozzle structure. 

45. The method of claim 44, wherein the method further comprises: 
25 providing a first flow of a first fluid composition at the first opening; 

providing a second flow of a second fluid composition at the second 
opening; and 

establishing a spray of particles from the first and second fluid 
compositions. 
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46. The method of claim 45, wherein the first fluid composition comprises 
an active ingredient and the second fluid composition comprises a coating 
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component, and further wherein dispensing the spray of particles comprises 
dispensing a spray of coated active ingredients. 

47. The method of claim 37, wherein the method further comprises: 
5 providing excipient material; and 

combining the spray of particles with the excipient material. 

48. The method of claim 37, wherein the method further comprises: 
providing a charged pattern; and 

10 collecting the spray of particles on the charged pattern. 

49. The method of claim 37, wherein dispensing the spray of particles 
comprises dispensing the spray of particles into a container operable for 
inhalation by a user. 

15 

50. The method of claim 37, wherein dispensing the spray of particles 
comprises dispensing the spray of particles at a rate in the range of 2 
grams/minute to 50 grams/minute. 

20 51. An apparatus for electrospraying particles, the apparatus comprising: 
a particle source; and 

a dispensing device configured to receive source material from the 
particle source, wherein the dispensing device comprises a plurality of nozzle 
structures, wherein each nozzle structure comprises at least one opening defined 

25 along a center axis of the nozzle structure and terminating at a dispensing end 
thereof, wherein each nozzle structure is separated from adjacent nozzle 
structures by at least an internozzle distance (L) defined by the distance between 
center axes of nozzle structures, wherein the ratio of the internozzle distance (L) 
to a diameter (D) of the opening at the dispensing end is equal to or greater than 

30 2; and 

an electrode isolated from the dispensing end, wherein a nonuniform 
electrical field is created between the dispensing ends and the electrode such that 
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a spray of particles having an electrical charge applied thereto is dispensed from 
the dispensing end of each nozzle structure. 

52. The apparatus of claim 51, wherein the electrode is a grounded target. 

5 

53. The apparatus of claim 5 1 , wherein each of the nozzle structures 
comprises a capillary tube comprised of a body portion and a tapered capillary 
tip at the dispensing end of the capillary tube. 

1 0 54. The apparatus of claim 5 1 , wherein each of the nozzle structures 

comprises a tapered portion used to form the opening at the dispensing end, and 
further wherein at least a part of each of the nozzle structures extend from an 
integral multiple nozzle structure conductive portion. 

15 55. The apparatus of claim 51, wherein each of the nozzle structures 

comprises a solid post along the center axis extending through the opening at the 
dispensing end. 

56. The apparatus of claim 5 1 , wherein each dispensing end of the nozzle 
structures are positioned in an x-y plane and have the center axis thereof aligned 

20 along the z axis. 

57. The apparatus of claim 51 , wherein the plurality of nozzle structures 
comprises providing a circular configuration of nozzle structures comprising an 
outer multiple nozzle structure ring and one or more inner multiple nozzle 

25 structure rings, wherein each of the outer multiple nozzle structure ring and the 
inner multiple nozzle structure rings are concentric about a center nozzle 
structure, and further wherein each of the nozzle structrues of the one or more 
inner multiple nozzle structure rings are at a substantially equal intemozzle 
distance (L) from adjacent nozzle structures. 



30 



58. The apparatus of claim 51 , wherein the dispensing ends of the plurality 
of nozzle structures lie in a plane. 
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59. The apparatus of claim 51, wherein the dispensing end of the center 
nozzle structure lies in a first plane and at least the dispensing ends of the nozzle 
structures of at least one of the multiple nozzle structure rings lie in at least a 
second plane. 

5 

60. The apparatus of claim 59, wherein the dispensing ends of the nozzle 
structures form a conical configuration with the center nozzle structure at a tip of 
the conical configuration. 

10 61 . The apparatus of claim 5 1 , wherein the dispensing device further 
comprises one or more separation structures positioned between nozzle 
structures and configured such that cone jets are allowed to form at the 
dispensing end of each no^le structure. 

15 62. The apparatus of claim 51, wherein the particles have a nominal diameter 
of about 1 nanometers to about 2000 nanometers. 

63. The apparatus of claim 5 1 , wherein each of the nozzle structures 
comprise at least a first and second opening terminating at the dispensing end of 

20 each nozzle structure. 

64. The apparatus of claim 63, wherein the particle source comprises a first 
particle source of at least a first fluid composition comprising an active 
ingredient to be dispensed through the first opening and a second particle source 

25 of at least a second fluid composition comprising a coating component to be 
dispensed through the second opening, and further wherein the sprays of 
particles comprise sprays of coated active ingredients. 

65. The apparatus of claim 51, wherein the apparatus further comprises an 
30 excipient material provided on a target surface, the target surface positioned 

such that the sprays of particles are directed for contact with the excipient 
material. 
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66. The apparatus of claim 51, wherein the apparatus further comprises a 
charged pattern, the charged pattern positioned such that the sprays of particles 
is directed for contact with the charged pattern. 

5 67. The apparatus of claim 51, wherein the apparatus further comprises a 
container operable by a user for inhalation of contents therein, the container 
positioned such that the sprays of particles are directed therein. 

68. The apparatus of claim 51, wherein the sprays of particles are dispensed 
10 at a rate in the range of 2 grams/minute to 50 grams/minute. 

69. The apparatus of claim 51, wherein the center axes of two or more 
nozzles are not parallel to one another. 

15 70. The apparatus of claim 51, wherein each of the nozzle structures 
comprise a first capillary tube having a first opening terminating at the 
dispensing end and a second capillary tube concentric with at least a portion of 
the first capillary tube having a second opening terminating at the dispensing 
end. 

20 

71. An apparatus for electrospraying particles, the apparatus comprising: 
a particle source; and 

a dispensing device configured to receive source material from the 
particle source, wherein the dispensing device comprises a circular configuration 

25 of nozzle structures comprising an outer ring of nozzle structures and one or 
more inner rings of nozzle structures, wherein each of the outer ring and the 
inner rings are concentric about a center nozzle structure, and further wherein 
the center nozzle structure and each of the nozzle structures of the inner rings are 
at a substantially equal internozzle distance (L) from adjacent nozzle structures, 

30 and further wherein each of the nozzles structures comprise an opening defined 
along a center axis of the nozzle structure and terminating at a dispensing end 
thereof from which a spray of particles having an electrical charge applied 
thereto is dispensed; and 
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an electrode isolated from the dispensing end, wherein a nonuniform 
electrical field is created between the dispensing ends and the electrode such that 
a spray of particles having an electrical charge applied thereto is dispensed from 
the dispensing end of each nozzle structure. 

5 

72. The apparatus of claim 71 , wherein the electrode is a grounded target. 

73. The apparatus of claim 71 , wherein each of the nozzle structures 
comprises a capillary tube comprised of a body portion and a tapered capillary 

10 tip at the dispensing end. 

74. The apparatus of claim 71 , wherein each of the nozzle structures 
comprises a tapered portion used to form the opening, and further wherein at 
least a part of each of the nozzle structures extend from an integral multiple 

15 nozzle structure conductive portion. 

.75. The apparatus of claim 71 , wherein each of the dispensing ends of the 
nozzle structures are positioned in an x-y plane and have the center axis thereof 
aligned along the z axis. 

20 

76. The apparatus of claim 71 , wherein the openings defined at the center 
axis of the plurality of nozzle structures lie in a plane. 

77. The apparatus of claim 71, wherein the dispensing device further 
25 comprises one or more separation structures positioned between nozzle 

structures and configured such that cone jets are allowed to form at the 
dispensing end of each nozzle structure. 

78. The apparatus of claim 71 , wherein the particles have a nominal diameter 
30 of about 1 nanometers to about 2000 nanometers. 



52 



id fl oin 1 0£)09600 on 05/ 1 5/^00 / 



WO 01/87491 PCT/US01/15703 

79. The apparatus of claim 71 , wherein each of the nozzle structures 
comprise at least a first and second opening terminating at the dispensing end of 
each nozzle structure. 

5 80. The apparatus of claim 79, wherein the particle source comprises a first 
particle source of at least a first fluid composition comprising an active 
ingredient to be dispensed through the first opening and a second particle source 
of at least a second fluid composition comprising a coating component to be 
dispensed through the second opening, and further wherein the sprays of 
10 particles comprise sprays of coated active ingredients. 

81. The apparatus of claim 71, wherein the apparatus further comprises an 
excipient material provided on a target surface, the target surface positioned 
such that the sprays of particles are directed for contact with the excipient 

15 material. 

82. The apparatus of claim 71, wherein the apparatus further comprises a 
charged pattern, the charged pattern positioned such that the sprays of particles 
are directed for contact with the charged pattern. 

20 

83. The apparatus of claim 71 , wherein the apparatus further comprises a 
container operable by a user for inhalation of contents therein, the container 
positioned such that the sprays of particles are directed therein. 

25 84. The apparatus of claim 71, wherein each of the nozzle structures 
comprise a first capillary tube having a first opening terminating at the 
dispensing end and a second capillary tube concentric with at least a portion of 
the first capillary tube having a second opening terminating at the dispensing 
end. 



30 



85. An apparatus for electrospraying particles, the apparatus comprising: 
a particle source; 
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a dispensing device configured to receive source material from the 
particle source, wherein the dispensing device comprises a plurality of nozzle 
structures, wherein each nozzle structure comprises an opening defined along a 
center axis of the nozzle structure and terminating at a dispensing end thereof, 
5 and further wherein the dispensing device comprises one or more separation 
structures positioned between one or more of the nozzle structures and 
configured such that cone jets are allowed to form at the dispensing end of each 
nozzle structure; and 

an electrode isolated from the dispensing end, wherein a nonuniform 
10 electrical field is created between the dispensing ends and the electrode such that 
a spray of particles having an electrical charge applied thereto is dispensed from 
the dispensing end of each nozzle structure. 



15 



86. The apparatus of claim 85, wherein the electrode is a grounded target. 

87. The apparatus of claim 85, wherein each of the nozzle structures 
comprises a capillary tube comprised of a body portion and a tapered capillary 
tip at the dispensing end. 



20 88. The apparatus of claim 85, wherein each of the nozzle structures 

comprises a tapered portion used to form the opening, and further wherein at 
least a part of each of the nozzle structures extend from an integral multiple 
nozzle structure conductive portion. 

25 89. The apparatus of claim 85, wherein each of the nozzle structures 

comprises a solid post along the center axis extending through the opening at the 
dispensing end. 

90. The apparatus of claim 85, wherein each of the dispensing ends of the 
nozzle structures are positioned in an x-y plane and have the center axis thereof 

30 aligned along the z axis. 

91. The apparatus of claim 85, wherein the dispensing ends of the plurality 
of nozzle structures lie in a plane. 
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92. The apparatus of claim 85, wherein the particles have a nominal diameter 
of about 1 nanometers to about 2000 nanometers. 



93. The apparatus of claim 85, wherein each of the nozzle structures 

5 comprise at least a first and second opening terminating at the dispensing end of 
each nozzle structure. 

94. The apparatus of claim 93, wherein the particle source comprises a first 
particle source of at least a first fluid composition comprising an active 

10 ingredient to be dispensed through the first opening and a second particle source 
of at least a second fluid composition comprising a coating component to be 
dispensed through the second opening, and further wherein the sprays of 
particles comprise sprays of coated active ingredients. 

1 5 95. The apparatus of claim 85, wherein the apparatus further comprises an 
excipient material provided on a target surface, the target surface positioned 
such that the sprays of particles are directed for contact with the excipient 
material. 

20 96. The apparatus of claim 85, wherein the apparatus further comprises a 
charged pattern, the charged pattern positioned such that the sprays of particles 
are directed for contact with the charged pattern. 

97. The apparatus of claim 85, wherein the apparatus further comprises a 
25 container operable by a user for inhalation of contents therein, the container 
positioned such that the sprays of particles are directed therein. 
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